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REUSABLE 



S ORBING COALESCING AGENT 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to sorbing coalescing 
technology. 

DESCRIPTION OF THE PRIOR ART 

In the recent past there have been several well 
documented instances of the inadvertent spillage of non- 
aqueous liquids causing both environmental, ecological 
and even toxicological problems for plant species, 
insects, wild life and even people. Examples of spilled 
liquids include oils and solvents, and a group of 
materials known as PCB's, which in addition to being 
pollutants are carcinogenic. Further, in many cases when 
the spilled liquid is a nonaqueous liquid which is not 
compatible with water, such as fuel oil and hydrocarbon 
solvents, in addition to the spilled liquid, aqueous 
emulsions are also often formed. For many of these 



coalescing steps are known, even for relatively difficult 
ones such as crude oil and toxic PCB's. 

Patents in the prior art in some way involve a 
particulate material for adsorbing or coalescing a non- 
aqueous phase, typically crude oil or a derivative of it, 
such as gasoline, diesel fuel or lubricating oil. These 
patents utilise a wide range of adsorbents and/or 
coalescing agents, not all of which are clearly defined. 
They include: polyethylene; polypropylene; 



liquids, methods of clean up including adsorption and 
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polyisocyanurate; polyurethane; shreds of solids loaded 
polyurethane foam; silane cross linked polyolefin; 
polymethyl methacrylate; shredded fibreglass; wool; cork; 
styrofoam; polyester and/or cotton. 

Kozlowski, in US 5,239,040 discloses a particulate 
reusable polyurethane adsorbents capable of adsorbing many 
spilled liquids, and from which the adsorbed liquid can be 
removed by the simple process of centrif ugation. The main 
limitation on the use of the particulate adsorbents of 
that invention is the properties of the liquid spilled. 
Any liquid which would destroy or dissolve a polyurethane 
polymer cannot be recovered using the product described by 
Kozlowski. 

Another difficulty with spilt non-aqueous liquids arises 
when water is present. A water immiscible liquid can be 
present in association with water in two quite different 
forms. At least a part of it will generally be present as 
a discrete second phase, which may be heavier or lighter 
than water. The remainder will generally be present as 
an emulsion, of at least some level of stability, and in 
which water can be either the continuous phase or the 
disperse phase. In both cases, there is also the 
difficulty that nearly all substances that appear to be 
immiscible with water, for example light hydrocarbons 
such as benzene, in fact are soluble in water to a small 
extent, often at a level of parts per million. 

Until quite recently it was considered that the chemical 
structure of the material used in the adsorbent or 
coalescing agent powder (units) determined the adsorptive 
or coalescing characteristics of the adsorbent or 
coalescing agent. There are numerous patents in which 
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polyurethane foam is stated to be essential. According to 
Kozlowski, in WO 02/20115, not only Kozlowski 
polyurethane foam as described in US 5,239,040, but also 
other matrix materials, when fabricated into a body of 
high surface area material such as foam, if used under 
the correct conditions, will function as an emulsion . 
breaker, and will separate a flow of an aqueous emulsion 
into two separate phases. 

Patents of the prior art use polyethylene, and describe 
comminuting a matrix material, typically a body of 
polymer foam, into small particles. 

SUMMARY OF THE INVENTION 

The present invention shows that it appears to be the 
actual physical size and shape of the coalescing agent 
that determines the coalescing capabilities of the 
sorbing coalescing agent. Provided that the material used 
in the sorbing coalescing agent is stable in the presence 
of both phases being separated, the agent's chemical 
structure is not the only determining characteristic. 

i 

The present invention provides a reusable sorbing 
coalescing agent facilitating the separation of a non- 
aqueous phase from an aqueous phase consisting of a 
ragged-edge particulate reusable material having 
substantially small uniform sized particulate units. The 
particulate material including at least one element of 
its web dimensions into the nanoscale range (10" 9 m); 
including thickness of the particulate and/or size of the 
filament and/or thickness of the ragged edge. 
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The comminuted agent used in the present invention is 
fabricated to have ragged edges. These ragged edges 
determine the coalescing capability, and the realisation 
that almost any polymer which is not affected by the 
liquid to be coalesced, can be used as the matrix 
material. 

The present invention also seeks to provide a method of 
manufacturing a sorbing coalescing agent consisting of a 
ragged-edge particulate reusable material having 
substantially uniform sized particulate units, including 
the steps of: a. feeding a cellular matrix material 
having a predetermined density to a shearing device 
containing a shearing rotating blunt surface and b. 
shearing the cellular matrix material in the shearing 
device, into uniform sized particulates of predetermined 
size using the shearing rotating blunt surface, the 
particulates having ragged edges. The predetermined 
density and the predetermined size are chosen such that 
coalescing is increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 shows a photomicrograph of the sorbing 
coalescing agent. 

FIGURE 2 shows a schematic view of the "blunt" shearing 
rotating surface. 

FIGURE 3 is a schematic view of the section A-B of the 
"blunt" shearing rotating surface. 

FIGURE 4 shows a picture of the sorbing coalescing agent 
final unit. 
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FIGURE 5 shows a picture showing the dimensions of the 
final sorbing coalescing agent units. 

FIGURE 6 shows a picture of the "blunt" shearing rotating 
cutters . 

FIGURE 7 shows a schematic view of the method of 

manufacturing the particulate reusable sorbing coalescing 
agent. 

FIUGRE 8 shows a schema of experimental filtration unit. 
FIGURE 9 shows a schema of experimental setup. 
DETAILED DESCRIPTION OF THE INVENTION 

This invention seeks to provide a particulate reusable 
sorbing coalescing agent to facilitate the separation' of 
a non-aqueous phase from an aqueous phase with a desired 
shape and properties, sheared from a block of cellular 
matrix material, particularly a foam, the sorbing 
coalescing agent presenting a higher coalescing rate 
relative to any other sorbing coalescing agent of the 
prior art. 

The reusable sorbing coalescing agent of the present 
invention is a polarizable organophilic hydrophobic 
sorbing coalescing agent compatible with petroleum-based 
products. The sorbing coalescing agent is non-toxic, 
odourless, chemically inert and resistant to most 
chemicals, including diesel fuels. 
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The term reusable for the purpose of this application 
refers first to a self -cleaning material, exempting the 
need for any kind of interruption to perform a cleaning 
step, enabling a continuous usage until its recommended 
disposal, and second to material which suffers no 
significant degradation with successive use exempting the 
need for a replacement each time it is used. 

The term polarizable polymer for the purpose of this 
application refers to a polymer capable of being 
electrostatically charged. This capability is part of Van 
der Waals forces, which is of common knowledge in the 
electrical field. 

The term absorption for the purpose of this application 
refers to any process that causes one substance to 
penetrate the inside of another substance. In the case of 
a spill clean-up, the aqueous phase and the non-aqueous 
phase are drawn into porous sorbent materials or into 
particulate material spaces. 

The term adsorption for the purpose of this application 
refers to a process that causes one substance to be 
attracted to and stick to the surface of another 
substance, without actually penetrating its surface. 

The shape of the sheared particulate sorbing coalescing 
agent is a ragged-edge material having substantially 
uniform sized particulate units of polymers of size 
ranging from l\i to 3cm, preferably ranging from lOu. to 
2000U.. The particle itself, being of irregular shape, 
must have at least one of its web dimensions in the 
nanoscale range of (l(T 9 m); Such measurement applies to 
the particle itself and/or the size of one of its 
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filaments and/or the thickness of one of the ragged edges 
of the sheared particles. The term web dimension for the 
purpose of this application refers to the particular 
shape, design, cavities, voids and texture of the unit. 

Figure 1 is a photomicrograph of the sorbing coalescing 
agent with a magnification of 15 times, showing in detail 
the web dimensions and ragged edges structure. 

The particle structure of the sorbing coalescing agent 
that resides in the described nanoscale dimension allows 
different forces like electrostatic and Van der Waal to 
be engaged. By maximizing the surface density of the 
sorbing coalescing agent, the ragged edges of the 
particulate along with their extended filaments allows 
such forces to be active and determine the coalescing / 
adsorbing properties. 

The specific size and shape of the particulate, having a 
maximized surface density, enables the sorbing coalescing 
agent to adsorb and coalesce spilled liquid "by itself", 
faster, and in larger amounts. By extension it shows that 
geometry is an important aspect of adsorption and 
coalescing effect and is not strongly affected by surface 
chemistry. 

The microstructure of the sorbing coalescing agent allows 
it to outdraw the superficial tension force of the 
spilled liquid and act as an emulsion breaker. Forces 
involved however, are lesser than the superficial tension 
force of water thus allowing the separation phase to 
occur and the coalescing phenomenon to take place. A 
large number of particulates of the sorbing coalescing 
agent having the maximized surface density are provided 
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together thus forming a mass of the sorbing coalescing 
agent with a very high superficial area within the mass. 

The present invention also seeks to provide a method of 
using the sorbing coalescing agent for coalescing and 
separation of a non-aqueous phase from an aqueous phase. 
In the method, when contacting the sorbing coalescing 
agent with a flow of spilled liquids emulsion including 
an aqueous phase and a non-aqueous phase not compatible 
with water, both phases of the spill are absorbed into 
the mass of the sorbing coalescing agent, the agent will 
then break the emulsion and droplets of the non-aqueous 
phase will be adsorbed on the surface of the ragged edges 
of each of the particulate units of the sorbing 
coalescing agent. With the number of droplets rising on 
the surface of the particulate agent, one or more 
droplets will combine to form single droplets of larger 
sizes, which are sufficiently large to coalesce into a 
separate phase. The large size coalesced droplets will 
then be desorbed by the agent forming a separate phase. 
It is then possible to separate the aqueous and non- 
aqueous phases and to recover each of the two phases 
separately if desired. The non-aqueous phase being 
absorbed, adsorbed, coalesced and desorbed without an 
interruption for a cleaning step (i.e., self-cleaning) 
together with a non-significant degradation with its 
successive use enables the sorbing coalescing agent to be 
continuously used (i.e., reusable), until its efficiency 
decreases and a disposal is recommended. 

The coalescing action of the agent in a flow rate ranging 
from 30 cubic meters per hour per square meter to 90 
cubic meter per hour per square meter across a bed area 
of particulate material of 1 square meter results in a 
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reduction of oil-in-water content ranging from 92.5% to 
69.1% respectively. Reduction of oil-in-water content in 
flow rates outside this range is possible. However, fast 
flows create a low reduction rate, while too slow a flow 
will have high, but not optimum, reduction rate. The 
optimal flow rate for a more stable reduction is between 
4 0 m 3 /h/m 2 and 60 m 3 /h/m 2 . Within the optimum flow rate, 
the particulate sorbing coalescing agent's reduction rate 
ranges from about 87.5% to about 88.2%. (See Example 1). 

In the production of the sorbing coalescing agent, the 
comminuting process is controlled to provide particles of 
a desirable order of size and with ragged edges. In 
making the reusable sorbing coalescing agent, the manner 
in which a matrix material is sheared to provide the 
final units with the desired dimensions is carefully 
controlled. 

The present invention also seeks to provide a method of 
manufacturing the particulate reusable sorbing coalescing 
agent as seen in Figure 7. In the first step of the ' 
preferred embodiment of the method of the present 
invention, a solid and lightweight foam of density of 
less than 130 kg/m 3 , preferably in a bun shape (1), of 
dimensions substantially approximately to 30cm high x 
60cm wide x 180cm long are lengthwise and on-the-flat 
fed, horizontally transported on a conveyor (2) at a feed 
rate ranging from 0.7 cm per second to 3.0 cm per second, 
preferably 1.5 cm per second in the direction (A) to a 
shearing device (3). The shearing device comprises a 
blunt shearing surface (4), preferably a sandpaper, 
attached to a fixed drum (5) of dimensions of 60cm 
diameter x 60cm long and rotating at a speed within the 
range of from about 500 RPM to about 1500 RPM, preferably 
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at about 1000 RPM in the direction ( D) . The sandpaper has 
a shearing surface roughness range equivalent to that of 
8-grit to 54-grit sandpaper, preferably of 20-grit 
sandpaper. 

In Figures 2 and 3, the details of the shearing surface 
sandpaper (4) are shown attached to the external surface 
area of the fixed drum (5). The matrix material buns when 
fed into the shearing device have an approximately 90 
degree angle contact with the drum's shearing surface 
area. The matrix material in contact with the drum is 
then sheared by the shearing surface into small uniform 
sized ragged-edge particulate units of reusable sorbing 
coalescing agents (6) having the desired shape and size 
as shown in Figure 5. A motor and gear reducer (7) moves 
both the drum and the conveyor as seen in Figure 7. 

Alternatively the shearing device comprises blunt cutters 
attached to a fixed drum of the same dimensions above, 
preferably as designed in Figure 6. The drum rotates at a 
speed within the range of from 200 RPM to 4000 RPM. When 
shearing large quantities of materials it is recommended 
the speed of the drum to be preferably at about 4000 RPM. 

The shearing step using the blunt shearing rotating 
surface at the specified RPM and feed rates, provides the 
small particles of sorbing coalescing agent having the 
pre-chosen dimensions range above and very specifically 
ragged, or torn, edges. Figure 4 shows that these edges 
include filaments extending outwardly from the edge of 
the particles and a picture of the ragged, or torn, edges 
of the sorbing coalescing agent final unit can be seen. 
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The reusable sorbing coalescing agent of the present 
invention is fabricated from an organic, lightweight,, 
odorless, non-toxic, pH neutral foam and preferably 
floats on water even when saturated. The reusable sorbing 
coalescing agent of the present invention is a self- 
cleaning particulate that does not leach, can be re-used 
100+ times and requires no immediate disposal. 

The particulate sorbing coalescing agent product may be 
used in several formats such as: particulate (granular 
particles), encased in the form of pillows, socks or 
mattresses. 

The only chemical limitation on the matrix material to be 
used is the requirement that it is polarizable and is not 
affected at all by both the non-aqueous phase, which it 
is wanted to coalesce, and the aqueous phase. It then 
follows that polyethylene, polypropylene, styrene, a 
copolymer of polyethylene and polypropylene, a copolymer 
of styrene and polyethylene, and a copolymer of styrene 
and polypropylene and quite possibly other polymers from 
longer chain alkenes, are the best choice as the polymer. 
This is because, first polyethylene is not affected by 
many non-aqueous materials, second it can be turned into 
a matrix material having the required characteristics, 
third it can be sheared, and fourth it is freely 
available. 

EXAMPLE 1: PERFORMANCES OF THE SORBING COALESCING AGENT 
GYFSORB # EXP-0275 IN OIL FILTRATION UNIT 

1. OBJECTIVES: Evaluate the efficiency of GYFSORB # 
EXP-0275 to remove oil emulsions from water when used in 
the Filtration System. 
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2. PROCEDURE: Four (4) laboratory scale tests were run 
to measure the performances of Gyfsorb in experimental 
filtration unit feed at different flow rates of oily 
water. For each test 400 g of EXP-0275 media were used 
and run in continuous for height hours. Samples of the 
inlet and outlet of filter were taken at a regular basis 
and their Total Oil & Grease content were determined by 
solvent extraction followed by Infrared Spectrometry 
analysis as per EPA 4181 Standard Method. The test 
parameters are presented in table 1. 



Table 1: Test parameters 



Test N° 


Flow rate 


Exp- 
0275 


Duration 


Sampling 


1 


30 m 3 /h/m 2 (4,0 LPM) 


400 g 


8 hours 


Every hour (7) 


2 


40 mVh/m 2 (5,5 LPM) 


400 g 


8 hours 


Every hour (7) 


3 


60 mVh/m 2 (8,1 LPM) 


400 g 


8 hours 


Every hour (7) 


4 


90 m 3 /h/m 2 (12,2 LPM) 


400 g 


8 hours 


Every hour (7) 



2.1 Experimental Filtration Unit: The Experimental 
Filtration Table-Top Unit used in this series of tests is 
shown in figure 8. 

2.2 Experimental Set-Up: The Experimental Set-Up. 
used in this series of tests is shown in figure 9. 

2.3 Oily-Water: Oily-water was produced by 
injecting Light Crude Oil (Brent, 45° API) at the inlet 
of HP (375 VA), 3500 RPM centrifugal jet pump along 
with fresh and clean water. The oil emulsion droplet size 
distribution at the inlet of filtration unit,, was 
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determined by membrane filtration and by differential 
settle time according to Stoke' s law equation. The 
typical distribution is given in table 2. 



Table 2: Typical distribution of oil emulsions 



Emulsion Size (micron) 


Quantity % 


1-5 


10-15 


5-20 


10-15 


20-50 


20-35 


50 + 


50-35 



3-RESULTS 

The results obtained are given in table 3. For each of 
the four tests, the average concentration of oil at the 
entry was of 325-360 ppm. The mean concentration at the 
exit varied from 17 ppm to 110 ppm, in function of the 
flow augmentation, that is to say a percentage of 
reduction passing from 92% to 70%. The ability to absorb 
oil of EXP 0275 is higher than these obtained with other 
materials of filtration tested in our laboratory. 

The decrease of the percentage of reduction of Total Oil 
& Grease concentrations at the outlets in function of the 
augmentation of the flow rates can be attributed to the 
reduced time of residence of the oily-water in. the 
filtration bed. On this concern, the EXP-027 5 comport 
itself like every other materials of filtration tested in 
our laboratory and available on the market. 



It is, on the other hand, interesting to note that, with 
intermediate flow rates (i.e. 40 m 3 /h/m 2 and 60m 3 /h/m 2 ) , 
the percentage of efficiency to remove the Total Oil & 
Grease seams stable; these results suggest the existence 
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of an optimal flow rate which would be between 40 m 3 /h/m 2 
and 60 m 3 /h/m 2 . 
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4- CONCLUSION 

This series of tests confirms that EXP 0275 is an 
excellent material of filtration for the treatment of oily 
water and may be utilized in filtration systems. We 
conclude that EXP 0275 can be used as a particulate reusable 
sorbing coalescing agent facilitating the separation of a 
non-aqueous phase from an aqueous phase, presenting a 
higher coalescing rate relative to any other sorbing 
coalescing agent of the prior art. 

It should be understood that the preferred embodiments 
mentioned here are merely illustrative of the present 
invention. Numerous variations in design and use of the 
present invention may be contemplated in view of the 
following claims without straying from the intended scope 
and field of the invention herein disclosed. 
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